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INTERMEDIATE ENERGY NEUTRINO PHYSICS

D. I-Iywej WJ]ite

Los Ahnos National Laboratory

Los Alamos, NM

Occasionally, our understanding of a situation in physics is apparently so clear that

consequences of a particular experimental result can imply a substantial confrontation with

our view of the physical world. The standard model of electroweak interactions is now so

clear that a number of experimental consequences are precisely predicted. This seems like

a delightful situation for experimenters, but the bad news is that the experiments on which

the predictions rest are at least hard and certainly expensive. We will focus on one such

an experiment in this talk; the principal goal of the experiment was to measure neutrino -

electron scattering, and also to measure a number of other exclusive channels in neutrino

scattering which have bearing on our view of hadronic electroweak interactions.

We start with the known leptons, as ranged in three families as shown below

e P ‘r.

We expect that charged-current interactions only cause transitions within the same family

and are universal. The neutral- reaction current on the other hand is given by

Where 13Wis the weak isospin +1/2 derived from the position in the family.

lt i~ remarkable that the couplings to the quarks are the same as the leptons i,l the

stnndard model; of Coui’se this prediction is not amenable to a totally clean test but is

nevertheless accessible indirectly, fo: example through the elastic-scattering reaction

‘l”lie ●:perimenta,l program described here is also designed to measure this reaction.

Muou-nrutrino electron s~attering is described by the diagram in Fig, 1 and without

onc-lcmp corrections the cross section is given by
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Neutrino - Electron Scattering

vP+e-+vP+e

v

9 e

Figure 1

lt turns out that direct radiative corrections are negligible in this reaction due to the

cancellation of principal radiative corrections at the one-loop level in the standard l.~odel.

The experimental signature for neutrino-electron scattering is minimal, perhape un-

fortunately simple, just a recoil electron, because the incoming neutrino is invisible. The

neutrino-scattering cross section is proportional to the ●nergy in the c,m. system and so

the small mass of the electron is a decided disadvantage. The nucleon-to-electron mass

ratio implies that b,v far a greater number of events will come when nucl~ons are target

particles and so the experiment must discriminate against these events. A positive feature

of the low electron maas is that the recoil Angle of t ,Ie electron is small; in fact the angle

is bounded by

e, c ~Wj .

The cxperirnental strategy then is to look for ●ventp pebked in the forward direction in

which the forward-going particle looke like an electromagnetic shower. L40Lonly cnn we

use these positive characteristics of the event but we can demand that there be nothing

AM going on in the event and discriminate against Aatively busy hadronic events.

The cross section is small ( 10-42 cmz) and so the detector munt be big to get enough

events, The detector must be able to meaaure angle well, mm be able to tell elect rom frcm~

ot Iler particles. To separate events from occurrences nt random timem the detector must

also mennure time well,



It is well known that experiments of this type are not clone by any person working

alone, We are listed below.

Leif Ahrens, Sam Aronson, Bruce Gibbard,

Mike Murtagh, Steve Murtagh, Hywel White*

John Callas, Dave Cutts, Milind Diwan,

Jan Hoftun, Bob Lanou

Yoshi Kurihara

Kazuo Abe, Katsuya Amako, Seiji Kabe,

Takao Shinkawa, Susumu Terada

Yori Nagashima, Yoichiro Suzuki, Shuji Tatsumi,

Keigo Yamaguchi

Mike Marx, Dave Hedin, Eric Stern

Gene Beier, Rick van Berg, Stan Durkin,

Max Heagy, Mike Hurley, Al Mann,

Mitch Newcomer, Brig Williams, Tom York

*Presently at Los Alamos National Laboratory,

Brookhaven National Laboratory

Brown University

Hiroshima University

KEK

Osaka University

Stony brook

University of Pennsylvania

The experiment used liquid scintillator as a target ~.lediunl in acrylic cells -with pho-

totubes at ●ach end, This means that the detector is almost entirely active ( > 85%) so

that any energy deposition is visible in the device. The detector is a total absox ption

calorimeter, so that energy is measured well, and the liquid scintillator ensures that the

time of eventk is also measured well, to about 2ns. Between the scintil!ators there are

drift tubes that are used to measure the position at which the particles cross the plane of

the device arid because these cells are 150 mm apart this results in an angular resolution

of about 10 mr. At 1 GeV the maximum angle of the recoil electron is 30 mr. Figure 2

shows a diagram of the detector M a whole, In Fig. 3 we show a part of the detector with

calwritlwtcr ds indicated anrf proportional drift tubes (PDT) in between. The ccdorinle-

tcr cells are ma[ir with acrylic tui~es in which the light from the scintillator is transmitted

to tile eiid of the cell by total internal reflection on the outside surface of the acrylic, It

would be prohibitivc]y expensive to polish the surface of the acrylic M is usually done

with scintillators but wc found that the same process M is used in making supermarket

signs, nanwly to extrude the acrylic throuqh a special die, will cio very well. This is partly

Iwcausr t hr striations I hat arr left by the extrusion process are al~l]g the lellgtllof the

tllbc and do not hin{irr the rdiection of th~ light in tl~at general fiirertion much at R1l. III
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Figure 3

contrast, the reflectivity in a direction perpendicular to this is relatively poor, but we don’t

care. The ends of the tubes are sawn off (luring the ●xtrusion process and afterwards the

end caps are glued on. It turns out that this is a tricky game because the acrylic exhibits

strange behavicr in releasing the considerable strains in the materiaf from the extruding

proccssm There is a little black magic involved in the successful bonding of the end caps to

the tubes so that joints remain secure over the lifetime of the experiment. The cells need

to be light tight of i ourse, so they me covcre{{ individually with black plastic after the end

caps have been bonded and the joint tested. The arry!ic ceils when full of liquid scintil]ator

will only support about a four-foot head of liquid prcwure. The cells we arranged in a

wall supported by stainless steel straps as shown iu Fig, 4. If these cells arc filled froil~ a

5i@ rnanifo!d, destruction will result, as was -xperin~entally determined on one occasi(m,

The solution to this problem is to fill each CCI1 indep:ndrntly so that the internal prmsurc

of rach cell is close to atmospheric pressure. TIIC ceils were flexible enough to deal with

tlie overall variation 0( atnmspheric premllrr froill the wenthrr.
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Theproportionald rift tubes consist ofanun~ber ofcells3”x 1.5’’ incrossse~tion with

a 3 mi] St.aillless st.~1 wire ill the c~ntpr of the cell. The assen]hly is shown ill Fig, 5. The

wire is maintained at a potential Of about 2 kv so that the electrons from the ion pairs

produced ill the gas of the chamber when a particle passes through are multiplied in t]le

vicinity of the wire. The array of cells is made relatively precisely by gluing flat alun]inum

sheets to parallel I-beams made out of roll-formed thin aluminum. In this way a low cost

pair of chambers is made so that the pair of chambers gives a measure of the traversing

particle position to about a millimeter in two dimensions over an area of about 4 nl x 4 nl.

It is important to keep the gas gain of the PD’I”s constant and this was accomplished by

measuring the pulse-height spectrum from an x-ray source in an identical small chamber

in the same gas stream. The high voltage was varied under computer control so that the

peak position was maintained constant. These are a few of the methods that were used in

this experiment to ensure that a large massive piece of apparatus was available that would

reconstruct particle positions at a large number of points along a track and to measure

the ionization loss in the cells that were traversed by the particle. The granularity of

the detector was of paramount importance and eventually was really limited by financial

considerations. As you will see later, we believe the ir,vestment in the detector and the

20,000 channels needed to service it were about sutlicicnt to make the physics unambiguous.

At Brookhaven, the Alternating Gradient Synchrotrons accelerates protons to 23.3

GeV with a repetition rate of 1.4 s. The protons are extracted in a single turn and, after

being transported from the machine area, strike a titanium target. Figure 6 shows a

plan of the production area. At the target ~ and K mesons were made and focused into

the decay region. A cylindrically symmetric conductor system carried a pulsed current

of about a quarter of a million amps making a B-field that

into a parallel beam from the titanium target. The parallel

tunnel, and pions decayed primbrily through the reaction

7r ‘+p+ v@,

to form a neutrirm Imarn. Pions were focused in this syst~m

focused the charged particles

beam passed clown a shielded

around 3 CeV/c and clecaycd

to neutrinos at 1,2 GeV, Th? transverse nlornentuln in the reaction is about 30 MeV/c so

ll~at tile neutrinos err,crgcd strongly peaked in the forward direction!,.

K mesons clccay primarily through

~.
+/L+ v#A,
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Figure 6

- TARGET

\ ~OECAY REGION

and although these neutrinos were somewhat more spread in angle, they contributed to

the beam intensity in a different momentum region as we shall see later.

The neutrinos had a typical energy a little above 1 GeV and at an AGS intensity of

more tkaa 1013 per pulse there were about 1010 neutrinos passing through the detector.

The beam was bunched by the accderating radio frequency in the ACS so that th~re were

twelve bunches 224 ns apart. The extraction process preserved this time structure, and the

neutrinos also since the trajectoricti did not vary much in length from the target. This time

structure was seen in the neutrino events as shown III Fig. 7. It is clear that background

from neutrons for example was relatively small mostly because neutrons rattled around

before they got to the detector because of the shielding and the few thr t were seen arrived

late. Downstream of the Jecay region the proton beam was buried in a stop, and then an

iron shield filtered out the remaining i’adnms and muons from the particle decays. At the

target the beam spectrum was as shown in Fig. 8. We shall returu to a detailed discussion

of this spectrum later.

9
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In the discussion of neutrino-electron scattering in the introduction, we specified tha’,

the sign al for the reaction was a single electron in the forward dirert.inn. In Fig. 9 we show

a candidate event. An electron generates a shower passing through material first by a

breu-isstrahlung process and then by pair production of the hard photon. So an electron at

first !ooks like a minimum ionizing track-then, after a radiation Iengt h, produces a photon

at a small angle and after another radiation length becomes three charged particles and

goes on to the shower maximum. In this detector a radiation length was five modules

thick, and since shower generation is a continuous business it leads to a typical event like

that in Fig. 9, Part of the experimental process was the isolation of those events. Software

was developed that recognized the fluctuating pattern characteristic of an electromagnetic

shclwer, in contrast to the normal hadronic event in which tracks were well-defined and

linear. This process yielded events that were real candidates for a single electromagnetic

shower, and many events ihat satisfied fluctuation requirements in all kinds of aberrant

ways. ‘These events were removed by visual scanning of the data, After this process was

RUN 4270 EVENT 5231 TIME CLUSTER 1

Figure 9

11



complete the time distribution of the events was as in Fig. 10. Note that three was

no longer any hrwkgrouncl ti:%t was not corrrlnt.ed with the bcarn arrival time; neutron

background was entirely removed.

The principal background after the selection for showers that were unacconlpanied by

anything else was from neutral-current reactions like

The To decayed to two y‘s right at the vertex, and often the second y ww lost, out of

the side of the detector. Then the remaining 7 converted giving a si:.gle shower in the

cletectm. Since this ●lectromagnetic shower was formed fron] a gamma ray converting into

an e+ e- pair, the shower started off as twice minimum ionizing in contrast to tlw electron

sample showers, which were singly minimum ionizing. In Fig. 11 are shown pulse-height

distributions from a) minimum-ionizing particles, probably muons. In Fig. 1lb are shown

electrons from a test beam, and Fig. 1 ic shows gamma rays identified from the fact that

the shower was accompanied by an upstream vertex and hence from a no from a hadronic

react ion. Figure 1ld is the candidate sample, a mixture of gamma rays and electrons,

as can be easily seen. In Fig. 12 is shown the energy loss from elect ronti in a test beam

shuwing the correlation between the energy loss from the scintillator and in the P DT’s and

the cut, wh]ch was used to separate electrons from photons. This cut was 90% efficient

in selecting electrons and reduced the photon contamination by about a factor of three,

Figure 13 shows the angular distribution of the electron candidate events with a

clear peak in the forward direction, which was identified with neutrino-electron scattering.

The distribution is plotted M a function of @ because at smaU angles the solid angle

is proportional to (92 and the background is expected to be flat in this variable. In

Fig. 14 i~ shown a similar distribution for antineutrinos with the background components

identified. Note the contamination of V@,wrong helicity neutrinos in t,hc beam, rmd residual

events from photons and misidentified hadrons, The importance of understanding thi

constituents in the background is emphasized by the contribution from vc-induced quasi-

Aastic scattering, which is not flat in contrast to the other backgrounds, because of Pauli

suppression at low Cja,

There is no direct way to count the number of incident neutrinos corresponding to the

sample of Ileutrino. electron scattering events that have been isolntcd as described above.

The method that is chosen to normalize the cross section relies on selecting e sample of

events in t+e same run in which the cross oection ia known. such a reaction is quasi -clastir

scattering

I/p + 11 + /L’ t- p
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Up+p-+p++n.

The cross section is known from knowledge of the charged-current coupling constant (;F,

It remains to u,]derstand the form factors appropriate to the nucleon, The vector form

factor is carried over from electron scattering using CJ’C and a similar form iu used for

the axial current with MA instead of lkfv in a dipole parametrization, ‘The event sample

is selected by choosing events in which the muon is within 20° of the neutrino direction so

that the recoil particle is low enough in energy so that no track is formed in the detector,

In addition, other act?vity in cells of the detector is limited so that inelastic events are

discriminated against. it remains to average the cross section within a polar angle of 20”

mwr the calculated neutrino spectrum to complete normalization. A feature of this nwthod

is that the cross sections for neutrino-electron scattering and quaai-elastic scattering within

~ fixed angle are both proportional to the neutrino energy in this energy and ang]e ra:}ge.

The effect of this proportionality is that, in first order, errors in knowledge ot the shape

of the qxctrum cmncel in the normalization prormn, Apart from Pauli supprcosioil ~t

very small atigl~g, the effect of having the Ilucleon target in n nucleus ( ‘zC!) is t]egligiblr.

Moreovrr becaus? the ●paimentd method rdieo on a tncasurement of the ratio of the

cross s~ctiona for IIeutrino and antineutrino scatt~ring a further cancellation of systetllntic

errors occurm. ‘1’hF systmnatic errors of the ratio of th~ croa~ sections are shown in ‘1’mhle1.

I 5



Table L Contributions to systematic errors iu cross-section determination.

c’oIJlpoIlent Uncertainty irl R

MA 1%
Acceptances 4’%
Single pion cross sections 5’70
Multi pion (ross sections 57;
Tracking an! I event selection 3%
Neutrino Flux 3%

The limiting errors stem irom the knowledge of the inclm!ic cross sections.

Although the agreement with the standard model is so compelling it is tempting to

express the results of the experiment in tertns of sin20W, it is possible to perform an

analysis in terms of gA and gv in a model-independent way. The result of this analysis

iS shOW21 in Fig. 15 Where each cross 9t?CthX2 limits the values in the gA-gV plane to an

ellipse. The intersection of these ellipses gives for one solution a small value of gv and

gA, close to - I/2, of courar in agreement with the standard n~odel,

In Fig. 16 is shown the kinematic limit for the angle of the electron in neutrino-

electron scattering together with the measured angular resolution as a function of the

electron energy, Knowing the angle and energy of the electron is sufficient to deduce the

energy of the ueutrino and so to calculate the value of the kinem~tic variable y = E,/ Eu,

in our case the information from the angle is not sufficient to make a kinematic fit, but

Itsing the Iin]ited information it is possible to perform a model-independent analysis using

the angular information, This analysi~ results in the breaking of the elliptical ambiguity

as shc,wu in Fig. 17. The preferred solutiun is ~gain chosen by this ana!ysis,

IIItiun~nmry, the cross-section results are shown in TmMe11, and a historical slide of the

Ineasuremcnts of these cross sections with tinl< is ohown ii’ Fig, 18. The value of sin2@w

in in agreement with the world average of other detcrminatjong after radiative corrections

nt tlw {)iw.loop l~vel have bern imluded, and so the standard model ●merges unscatheci

I)Y tills •nco{lnt~r, A test that can be IIlac!c with these ({nta is that of the charged radius

of tile ll?~ltrlllo, EVCII tliough the charge of the neutrino is z<ro, a dipole moment would

Illnnifmt it~elf iii mI extrb contribution to tlw cross Rectiotl through elcctroltlagtlctic ●ffects,

This crosg mction would be enhanced I)y R 1/l! addition in electron mmgy to the weak

cross frectiotl md the total crow mrction for scattering ntmvr the Acctron energy thrcshdd

16
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the agreement with the standard model puts a limit on

limit is

It 1~ worth noting that this demonstration of the pctint

the neu:rino is comparable with that from scattering ~f

like electrcmaqrtetic character of

chargea lept ons.

NEUTRINO-PROTON ELASTIC SCATTERING

~. P-”uP

Nrutrino-protcm w~ttcrinq M factrmzabie Into couphngj of the neutril,o to the 2° and

[IIC coupling of the ZO to the proton. The proton NJdcscrlbed by the qu.. rk rnocicl and

S(J. of course. the 2° actudy couples to the qum k constituents. The hadron current is

dividai conventionally Into vector and axial-vector parte. Tlw vector part M rclntcd hy



neutrinos from nuclei where thn amphtude is divided into weak isospin I = 1 and i = G

parts. The vector part is

and the axicl vector

In the standard

d=l- 2 sinzOW

y = -213 sin20w

p=l

b ~ o.

The expression for 6 is of particular interest. It atifies from the fact that the axial

vector coupling is +1/2 for both constituerits of a family and in the approximation that

the masses are not important, the contribution of the two querks will cancel. In the case

of the heavy quarks s, c in the sea, the masses of the qvarks are very different and this

cancellation will not be fully effective. It is of interest to trcy to detect a non-zero A then.

At finite momentum transfers, the nucleon will exhib{t a form factor that will affect

the scattering amplitude, In electron. scattering this form factor iz represented empirically

13ythe relation
1

~] +. Q2/m;): ‘

‘f’his expression is referred to as the dipole lit (at least in the old days). mv represents the

sum of the contributions of the vector mesons weighted by their relative coupling to the

2° and to the nucleon. {Jsing this success for guidance it is conventional to parametrize

the axial part in a ~imilar manner

c’~ 7 gA(o). . . .. ,- .. ..-- .—. —

(1 i <~=/hn;)2 ‘



with

“?nA = 1.032 + 0.036 .

Then the Lross section for elastic scattering is with s – u = 4mpEv – @

F1 am! F2 are functions of Q2, nz~ and the anomalous magnetic moments of the

proton and neutron. C is relatively flat; B grows also with Q2. This illustrates the

difference between neutrino and antineutrino scattering, because the sign in front of the

B term changes sign, accountin> for the fact that antineutrino-proton scattering has a

steeper Q2 dependence than neutrino scattering.

A typical event is shown in Fig. 19. Neither incident nor outg~ing neutrinos are seen

and only the recoil protcr.1 is visible. The energy of the proton is proportional to Q2 which

varies up to Q2 = 1 C+:V. [t is a nice experimental trick that if protons are selected that

stop in the detector, then by swimming up the proton backwards from the stopping point,

all protons look the same apart from their track length. In this way the proton can be

different iated from pions and electrons without reference to tl~e;l energy, In fact after

the particle is identified, the energy is known and hence also Q2. The difficulty with this

experiment rests on two facts. First, most of the protons are bound in nuclei, laC. Not

only are these protons 5ound but they may scatter or even charge exchange on the way

aut of the nucleus even though 12C is a small nucleus. Corrections must be made for

these effects, and account Inust be taken of the fact that other relatively weakly correlated

nucleons wiU come out leaving energy deposited in the detector. This energy occasionally

confuses the analysis resulting in the event being lost. Recoil protons of high energy can

also interact in the body of the detector so that the a rent energy is reduced or the kink

in the track again causes the event to be lost in analysis. In short, the range of Q2 that

can be analysed reliably is limited at the low end by track length and rcscattering and at

the high end by interaction of high-energy protons in the detector material. Of course a

lot of effort is ●xpended in understanding these effects and correcting for them until a cress

section lik~ that plotted in Fig. 20 is generated. The cross s~ction is averaged over the
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incident neutrino spectrum, which is used in the Monte Carlo leading to the theoretical

fits in the same Figure. Quasi-elastic scattering is used to provide a normalizing reaction

in much the same way = in the neutrino-e!ectron scattering experiment.

In Table 111 is shown the ratio of neutrino-proton neutral-current scattering to quMi-

elastic scattering as well as the sanle ratio for antineutriuos. From these ratios a value for

sin28w is extracted, and even though the systematic errors are a little large, the value for

sinz 8W is in agreement with other determinations, notably in neutrino-electron scattering.

In the standard-model expression for the coupling constants above, it was stated that

J, t!le axial vector I = Ocoupling constant, was zero. The reason that 4 is zero is that there

are contributions from both elements of a weak quark doublet and these contributions are

equal and opposite and cancel, at least in the approximate ion that the masses are irrelevant,

‘f’his is fine for u and d quarks but much less so for s and c. The masses of s and c are

very different so that the cancellation is not expected to be complete. The magnitude of

the effect is uncertain partly because of the uncertainty of the heavy-quark content of the

sea and partly because this is a sublety of QCD and not so well caIculabie, It would be

interesting therefore to measure this quantity as an aid and service to theorists. Failing

more detailed guidance it is assumea that, the Q2 dependence of this contribution will be

the same as the other axial vector form factor and described by mA and a dipole fit.

Table 111

v~p + u~p elastic scattering

R. = u(v~p + vPp)/u(vPn + IL-p)

= 0.153 r 0.007 (stat) + 0.017

R. = d~#P + fipp)/dtiJ4p + p+n)

= 0.218 * 0.008 (stat) + 0.023

sin26w = 0.220 + 0.016 (stat) ~ ~:~~~ (SYS)

Axial Isoscalar Contribution

c = 0.12 * 0407

_——. ———
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Then, since the coefficient of the axial-vector form factor is known from neutron decay very

precisely when only u and d qllarks part. icipat~, it is possihie to fit for a different coefficient

in the measured cross section. Indeed this was done and a value for ( 1 + c) ellllallcing g~( 0)

was obtained and shown in Table IV. It is barely significant but in agreement approtill]ately

with theoretical estimates in the literature. Jt would be Ilice to dO better, but it is a hard

experiment because of tile nuclear effects in the target, as we have discussed above.

NEUTRINO OSCILLATIONS.

The possibility that mixing between neutrino flavors may occur accounts for the con.

tinuing experimental search for neutnno oscillations. If there is such mixing, and the

neutrinos have a different mass, then the two mass eigenstates may acquire a phme dif-

ference in flight and so the weak eigenstates can vary along the beam. Experimentally,

the most sensitive searches occur when an initially pure beam is measured by observing

flavor-sensitive interactions. At an accelerator, pions are produced copiously and the

decay T ~ p + u~ produces the main component of the neutrino beam. Some VP are

produced from K decay, from

Although v. are produced rarely in a high energy accelerator beam, they are certainly

present and the main decay modes are

The natural u, are a little less than I?lo of the v~ and the most sensitive accelerator

oscillation searches are usually for VP -+ v,. The probability of finding U* in a pure VP

beam is

P= sinz?a sinz( l,27Arn2//l?ti) .

The sensitivity of the experiments is limited to a fraction of the expected v. contamination,

depending on statistics and the confidence of the experimenter in calculating the naturally

occurring background. IN recent years the dependability of calculations of neutrino flux

has improved and now is good to better than 10% of the absolute flux, In Fig. 21 is shown

the UP flux for the BNL broad-band beam with the partis[ ro:,trilmtions from p and K

clccay. In Fig. 22 is shown the v. flux frcwn the same calculation together with the major
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contributions from p and K decay. The principal uncertainty in these calculations is

in ●stimating the complex particle production prnwws in the targ~t, where there is the

possibility that the iucident proton may interact more than once, as may the outgoing pion,

A felicitous experimental situation occurs wIlen the only ratio of vu to v, is involved,

namely, that the effect of the initial processes tends to cancel. For oscillation limits then,

the ratio of the naturally occurring neutrinos is well known even as a function of energy.

In the BNL experiment that we have discussed at length, the apparatus is designed

to identify electrons and to measure their energy. Electromagnetic showers have been

identified and they are plotted as a function of the obzerved euergy in Fig. 23, A remain-

ing experimental problem is to separate photon-induced electromagnetic showers from

electron-induced ones, The method that was used in the neutrino-e]ectron scattering ex-

periment will not work because the recoil proton confuses the identifying algorithm at the

front of the track. By looking for upstream activity il: the event, a way of identifying the

photon induced showers emerged. If there were such energy deposition in the event, then

the shower could only occur from a secondary interaction so that it was reasonably certain

that events with upstream activity were photon-induced skwers from r“ decay. The en-

ergy distribution of all showers is shown in Fig. 24a, and the “photon” showers in Fig. 24b.

Since there are very few electrons below 1 GeV, these distributions can be normalized to

one another below 1 CeV and a subtraction of the combination from photon showers made.

The electron distribution is shown in Fig. 24c. In Fig, 23 is shown the electron-neutrino

spectrum as a function of energy, together with the result for the expected v, flux. Af-

ter comparing this electron distribution with the UP spectrum of Fig. 8? a ~mit for t~le

contribution of oscillations to the Vc spectrum can be made and at 90% confidence, it is

shown in Fig. 25, This might be the end of the story but for two more results that have

been talked about extensively. The first result comes from experiment PS 191 at CERN

in w~;kh a search was made for events that had electrons coming from a vertex defined

by another track, In Fig. 26a is shown a normal neutrino interaction in this apparatus.

Fig, 26b shows an interaction in wh;ch an electromagnetic shower apparently emerges from

the vertex directly, Such an event can only be produced by an induccd=charged-current

interaction from the residu ! v, in the beatn or by a photon from a no converting so close

to the vmte that it is mistaken for an electron. To erparde these fake events a plot is

made of the conversion distance of the showers, This plot for PS 191 is shown in Fig. 27

where a clear cxccss is shown at small distancen, Thts number of events is far too many to

be accounted for by normal v. in the beam and it haa bren speculated that this is because

of neutrino mcillationo producing more LJCthen expccterl. Without going into too nlany
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details let it be said that the oticillation limit described above for I?734 is in contradiction

with this measurement. In fact ●n almost similar measurement made in E734 is shown in

Fig, 28 where no topic us signal is men, Cuts on the data are somewhat different in the two

caoes and with ingenuity a scenario can be inveu!ecf to escape experimental con front ~tion.

Adding to the confusion is an ●xperiment FJSOperformed at BNL where s aimilnr Atcctor

in placed nbout a kilometer away (CIJH), SIIOWII in Fig, 29, This expcrilnent mm t~~(~

many rlect rono for conventional explanation, No singl? phenomenon can ●xplain all theuc

ohwrvationn, and m great deal of discussion haa ensued, mw of it heated, Since moat of

this talk hM focusm{ on verification of the stat~({ard nit).~el in det~il it sppnied anl~lsilig ti}

focttmat the end of this talk on an mea wlwre confusion reigns, I can only urge yOII to

ftdlow the literature and me how it all vmie~ out, Wit hm~t nlnsmive prejudice, the mm

I’mIIIt)t Iw cnllcd nt thin tiit]p,
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